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Objfl  ct  s 


The  object  of  this  test  was  to  determine  whether  benefits  of 
lower  tenperatores  night  be  necared  by  (l)  placing  dry  Ice  (eolld 
carbon  dioxide)  in  the  top  layer  of  the  load,  and  (?)  covering  the 
top  and  bottom  of  the  load  with  heavy  paper  to  provide  air  circula- 
tion around  rather  ^han  between  the  paoka^eSa 

Shippers  have  thus  used  dry  ice  in  varylzig  anouBte  and  sf^cured 
a  record  of  air  t en^eratures  in  the  cars  with  recording  thenaometers 
but  the  effect  on  the  tenperature  of  the  commodity  Itself  has  not 
previously  been  determinedc     Some  shippers  believe  that  an  envelope 
of  paper  about  the  load  helps  retain  its  initial  refrigeration  by 
preventing  the  movement  of  warmer  air  throtigh  the  loado    As  it  did 
not  seem  practical  to  place  paper  at  the  sides*  It  was  placed  only 
above  and  beneath  the  loado 


Outline  of  test: 

Ihe  cars  used  in  this  test  were  as  follows s 

Car  gpo  Type  lasulation  Supplementary 

Protectioa 


Wys  USL  50'  end-buaker  6"  Dry  ice 

W7B  U73  50'  end-bunker  6*  So  dry  lee 

JOB!  777  •  50'  overhead  brine  tank  6-l/2"-8«  ftry  Ice 

rOBX  778  50'  overhead  briue  tank  6-l/2*-S*  Ho  dry  ic« 

wys  665SO  Uo  •  Preco  fans  3*-3-l/2"  Paper 

m  66581  Uo'  Preco  faas  3 "-3-1/2"  Wo  paper 

▲  more  detailed  description  of  the  cars  is  given  In  table  lo 

Preparation  of  testj 

Commodity  temperatures  were  taken  by  means  of  electric  resis- 
tance thRrmoaeters  at  10  points  -  3  ia  ^he  top  layer  and  5  la  tha 
bottom  layer  at  the  follo%ring  points,  at  bunker  or  end  of  car  and 
doorway  at  centerllne  and  side,  and  at  quarterlength  centerlineo 
During  most  of  the  time  after  loading  these  x>ointa  were  in  the 
head  ends  of  the  cars  and  the  side  positions  were  to  %he  southo 
'the  thermometers  for  taking  commodity  temperatures  in  %he  top  layer 
were  buried  in  the  upper  or  most  e^^ossd  packages  la  the  carton* 
lastead  of  in  the  center  of  the  eartone  as  in  previous  testSo  The 
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thenaomaters  in  the  bottOB  layer  were  between  th©  bottom  packa#;e 
and  the  one  above  it  in  bottom  layer  cartona  (except  in  the 
lar^e  "Bulkana"  of  berries,  where  botton  teoiperataree  were  taken 
in  the  cosusodlty  lt«elf  near  the  top  of  the  container).. 

In  end-bunker  cars  air  temperatures  were  taken  (l)  ^J"  in  front 
of  the  top  bulkhead  opening,  7'  from  the  celling,  and  (2)  beneath 
%he  floor  radlcs  at  the  bottom  of  the  ice  buakerso     In  overhead  brl«e 
tank  C8U*9  the  top  air  teiaperature  vas  taken  at  (l)  the  quarterlength 
in  the  ceaterline  opening  between  the  brine  tanks  and  (2)  in  the  flu* 
at  its  botton  near  the  floor  racks»  (56  reoord  was  obtained  at  the 
latter  position  because  of  Instruaent  failure  after  the  initial  read- 
ings before  the  car  BioTed).    Hyan  recording  themoaeters  were  fastened 
to  the  face  of  the  screen  on  the  upper  opening  of  the  bunker  bxilkheads 
in  the  fan  cars  to  reoord  delivery  air  ton5)eratures  when  the  cars 
were  ncving  and  fans  were  operatini;o 

Copper,  tubes  were  inserted  at  top  and  bottom  doorway  positions 
in  cars  with  dry  ice  so  that  samples  of  the  atioosphere  oould  be  with- 
drawn and  analyzed  en  route  to  determine  how  lon^  the  dry  lee  laetedo 

Oar  loadii^s 

Cxe  care  used  vere  paired,  each  pair  beine  of  the  same  type  and 
loaded  at  the  same  place  where  commodities  and  their  temperatures* 
load  wei^t  and  manner  of  loading  were  approximately  the  same  for 
each  of  the  eojoBparieoae  madoo    Details  of  the  loading  are  given  in 
table  2o      It  was  necessary  to  load  overhead  brine  taidc  car  WOSOL  77? 
one  day  ahead  of  its  cospanion  car«  777*  which  had  the  dry  iceo 

I clap  and  saltings 

/ 

All  oars  were  initially  Iced  and  salted  two  days  prior  to  load- 
ing, reiced  the  day  before  loading  and  reiced  at  all  regular  icing 
stalioaso    Thirty  percent  salt  was  used  at  all  icings  except  as  notedo 
Coarse  ice  was  used  in  the  emd-bunker  cars  and  crushed  ice  in  the 
overhead  brine  tank  oarso    ▲  oooq^lete  record  of  estimated  ice  and 
salt  weighte  supplied  from  time  of  initial  idkag  to  destination,  or 
until  the  cars  were  diverted  from  tie  test  is  given  in  table  3°  ^Hirough 
an  error  more  than  30  percent  salt  was  put  in  Wn  U73  at  the  time  of 
initial  icingc    As  the  air  temperatures  in  this  car  were  but  2*  Jo 
lower  than  those  in  the  coagpmnion  car  VfS  kSl  when  opened  for  loading 
two  days  later  it  is  clear  that  the  heavier  salting  had  no  marked 
influence  on  subsequemt  tesperatureSo 

Pry  ice: 

Thirty-four  cakes  of  dry  ice  were  used  in  each  of  the  oars  V7Z  kSX 
aad  fOBX  777.    The  total  weight  of  the  dry  ice  was  2,000  and  2,0^^2  IbSo 
respectively  for  these  cars.    The  dry  ice  was  in  fibreboerd  cartonSo 
With  the  exceptions  noted  below,  these  were  placed  in  the  top  layer  of 
the  loada,  in  Ilea  of  ca^rtons  of  the  eoimiodity,  at  positions  shown  in 


figyvre  !»     The  differpnce  in  locations  of  dry  ic«  in  the  overhead 
brine  tajik  car  and  the  end-bunker  car  was  neceseary  because  of  the 
difference  in  shape  of  the  cartons  in  the  loads  nnd  by  the  difference 
in  design  of  the  cars.     It  seemed  desirable  to  hnve  nore  of  the  dry 
ice  concentrated  in  the  region  of  the  doorway  in  the  end-bunker  car 
as  it  is  here  where  hi^est  temparatures  of  solid  loads  occur^  On 
the  other  hand,  in  the  oTerhead  brine  tank  car  where  nore  unifo» 
tcn^eratures  were  to  be  expected,  a  more  uniform  distribution  of  the 
dry  ice  seemed  desirable.     The  dry  ice  cartons  did  not  fit  in  with 
the  commodity  cartons  loaded  near  the  doorvay  ia  the  overhead  brine 
tanl?  car  lOBX  777o     ^ot  this  reason  dry  ic*  vas  renoved  from  10  car- 
tons before  bein^  placed  in  the  load  and  the  load  was  protected  from 
shifting  by  dunnageo 

Papers 

Sisalkraft  building  paper  was  spread  on  the  floor  racks  of 
Wrs  f6580  before  loading  to  cover  all  slotso     It  extended  to  the 
wall  racks  and  thus  caused  all  air  to  be  dra%m  from  the  space  between 
wall  racks  and  car  wall  by  the  Preoo  fans.    Haavy  over-lapping  krAft 
paper  was  fastened  to  the  bunker  bulkheads  and  unrolled  over  the  top 
as  loading  progressedo    The  paper  was  held  in  place  by  stapling  to 
underlying  strips  of  wood  and  extended  only  to  the  side  wall  raekto 

Bfisulte 

OomiDodity  and  air  teaiperatares  are  given  for  each  car  Isl 
tables  k  to  9o    The  shifting  of  the  loads  during  the  first  day  la 
transit  in  one  pair  of  cars«  TOM  777  azul  JOBX  77S,  although  not  suf- 
ficient to  danage  the  load,  was  anoxigh  to  dlaeonnect  several  thernoneter 
connections  in  each  caro    An  exaaination  of  the  data,  however,  showa 
that  only  one  reading  in  the  top  layer  of  each  ear  was  losto     The  top 
layer  position  lost  in  the  car  having  the  dry  ice  was  at  the  sldo  of 
the  car  at  the  doorwayo    This  might  be  expected  to  show  higher  teqpera- 
t\tr«a  than  at  eome  other  positions,  as  was  the  case  in  the  oonpanion 
car,  and  thus  make  the  top  average  commodity  t wEoperatures  ia  this  car 
appear  lover  than  they  aotxxally  wer^o 

Ogtslde  tenperaturess 

Veather  conditions  ei&countered  on  the  test  were  quite  nomal  for 
this  time  of  yearo    Oatside  teaiperatares  shown  in  figure  2  reveal  that 
aoderate  sunuusr  veather  prevailed  except  through  eastern  Vfashlngtoa  aad 
vhlle  the  oars  were  standing  In  the  Chicago  transfer  area  where  warmer 
•XDsmer  weather  oocorred  with  staximaa  outside  temperatures  of  103*  auod 
95*       reapectively.    Betveen  Chicago  and  Hew  Tork  skies  were  cloudy 
•r  overcast  with  a  maximuia.  of  83*  the  first  day  and  79*  the  second. 


Infla«ac«|  •f  dry  lc»g 

As  shoim  in  figar«  3  th«  pr«senc«       2000  Ibso       dry  io«  in  th« 
I«y«r       thm  l»»d  in  an  end-bonksr  car  had  an  ondatirabla  effect, 
avarae*  tap  layer  tMperatoraa  in  this  car  being  slightly  higher  than 
in  the  one  witheat  dry  ice  (VFX  ^73)°    'be  bettom  layer  tesperataree 
were  alae  hlgbero    One  sarprisiais  reaolt  was  that  ceauDedity  tenpwratures 
in  a  carten  of  frezen  peas    at  the  tep  doenray  pesitien,  adjacent  te 
a  carten  ef  dry  ice^  ran  eeniiderably  higher  than  the<>e  at  a  similar 
pesitiM  in  the  car  where  there  was  ne  dry  ieeo    These  results  suggest 
twe  thittse:    (a)  there  is  not  aaeh  lateral  transfer  of  heat  from  conmedity 
te  dry  ice  threu^  carton  vails,  and  (b)  the  downward  aoTement  of  celd 
air  and  CO2  gas  fren  dry  ice  in  the  tep  layer  interferes  with  natural 
air  BOTement  in  an  end-banker  caro    The  refrigeration  secured  frssi 
2000  lbs-  of  dry  ice  was  more  than  offset  by  the  loss  in  efficiency  through 
the/StV^eKil  functioning  of  the  refrigerator  car  itoelfo 

IXudsg  the  first  fire  days  in  transit  the  concentration  of  carbeo 
dioxide  gas  in  V7K  kBl  was  frea  1'^  to  I7  percent  beneath  the  lead,  and  froa 
3  to  12  percent  six  inches  fren  the  ceiling^  thereafter  they  decreasedo 
ly  the  7th  day,  when  the  oar  riachod  Chicago  the  concentration  hai  fallen 
te  3  and  2  percent  at  those  positions,  indicating  that  little  dry  l«awas 
lofto    It  is  interesting  te  obserro  in  the  ayerage  top  layer  teatperaturo 
record  (figure  3)  that  after  the  fourth  day  the  efficiency  of  the  car 
carrying  the  dry  ice  increaseds  the  top  layer  tonperatures  dropped  as  the 
dry  ice  disappearedo    The  arorago  bottOB  layer  tes^eratures  also  dropped  ■ 
after  the  dzy  ice  haf  largely  subliaatod  so  that  at  the  end  of  the  toot 
ceaaodity  tearperatures  were  as  low  or  lower  than  In  the  other  earo 

The  air  tMiperatore  data  in  tables  U  and  5  substantiate  tke  /d^uction 
that  the  refrigerating  efficiency  of  car  W7S  kSl  was  istpaired  by  the 
presence  of  a  ton  of  dry  ice  in  its  leado    It  will  be  obsenred  that  air 
tosperaturoa  at  the  bottoa  of  the  ice  bunkers  were  approximately  the  saae 
in  the  two  cars  when  they  were  leadddo    Subsequently  the  air  teBt)eratures 
in  the  car  without  dry  ice  dropped  below  zero  while  those  in  the  car 
with  dry  lee  rose  to  7*^°  and  reaained  rather  high  for  the  U  days  during 
which  there  was  the  greatest  subliaation  of  dry  ieoo 

Tables  6  and  7  and  figure  U  show  that  coBBiedity  tei^eratnres  in 
cars  FOBX  777  and  778  were  lower  in  the  overhead  brine  tank  car  with 
dry  ice  in  the  losdo    The  full       to  benefit  in  car  ?OBX  777  cannot 

bo  attributed  entirely  te  the  dry  ice  because  conmedity  temperatures 
taken  as  the  cars  were  loaded  (see  table  2)  were  higher  at  the  outset 
in  the  car  without  dry  ice  and  the  exposure  during  loading  was  greater 
because  part  of  the  load  was  taken  from  a  motor  truck  with  no  doer 
protection  during  loading,  —  the  car  doers  being  open  one  hoar  longer 
than  with  TOBX  777°     After  considering  these  variations,  and  the 
teiq>erature  records  in  the  transportation  test  of  I9U5  (H„  To  A  So  Heptc  lift, 
where  no  dry  ice  was  used,  it  is  apparent  that  commodity  temperatures  ^^°/e 
in  both  the  tep  end  bottom  layers  were  held  sli^tly  lower  through  the 
use  ef  one  ten  of  dry  ice  in  the  tep  layerc    The  bottom  of  the  lead  in  an 
orerhead  brine  tank  c?.r  is  carried  at  a  higher  temperature  than  the  top 
of  the  leado    In  the  transportation  test  of  I9U5,  and  in  the  car  in  this 


teat  vhere  ixj  ice  wa«  net  asedg  the  'bettoa  lajrer  average  teoperatares 
graduallj  increased  te  a^oTe  10*  whereas  in  the  car  with  dry  iee  the 
ATerage  hettea  teaperatare  was  held  slightly  helev  10*o    Whether  or  not 
there  is  enough  benefit  from  earrjlng  the  eonedities  at  8*  or  9* 
instead  of  at  11*  or  12*  to  Justify  the  coat  of  the  dry  iee  is  subject 
to  debatoo 

It  is  interesting  to  note  that  the  overhead  brine  tank  car  did  net 
retain  GOp  gae  at  nearly  so  high  a  concentration  as  did  the  end  banker 
caro    OOp  did  not  go  abore  7  percent  at  the  bottom  and  5  T>ercent  at  the 
tap  of  this  ear  at  any  timoo    Concentrations  dropped  te  U  and  5  percent 
on  the  Uth  day  after  laaAing  and  were  down  to  3  percent  on  the  6th  day,, 
vhea  the  car  reached  NinneapoliSo    When  the  car  was  unleaded  in  Odcago, 
10  days  aifter  loading^  there  was  no  dry  ice  left  in  the  carteaso  The 
dry  iea  cartons  had  not  collapsed  te  canae  shifting  in  the  loaAo 

Table  3  shows  that  both  csrs  having  dry  ice  in  the  load  used 
less  water  ice,  especially  during  the  initial  part  of  the  transit 
period^  than  conparable  cars  without  dry  iooo    The  error  in  adding 
salt  during  the  initial  icing  of  wn  U73  would  account  for  its  usin^ 
10^  pounds  more  ice  than  W7X  kSl  at  time  of  first  reieing,  bat  dees 
net  account  for  the  additional  3^00  Ibso  of  ice  taken  by  the  car  at 
subsequent  re-icingSo    ^his  euggeste  that  the  presence  of  a  ton  of  dry 
iee  in  the  load  of  WFI  USl^  or  the  effect  of  the  CO^  gas  therefrMD, 
impeded  iee  aeltagOo 

One  of  the  overhead  brine  tank  cars  {TON.  77^)  vas  initially  iced 
and  leaded  1  day  earlier  than  the  car  having  the  dry  ice  (?0BZ  777) 
and  the  latter  was  in  the  test  only  as  far  as  ChicagOo     Allowing  for 
this  by  deducting  5300  lbs,  of  ice  (second,  eleventh  and  twelfth  reicings) 
from  the  total  ice  for  ?0BX  778  leaves  32olOO  Ibso  against  29o750  Ibso 
for  JOBX  777.        a  difference  of  2350  IbSc  Apart,    ^elbly  moat  of 
this  difference  is  accounted  for  by  the  ice  not  floating  in  brine  in 
several  tanks  in  70BX  777  vhich  resulted  in  such  tanks  taking  a  lesser 
weight  of  ice  during  initial  stages  in  transito 

Paper; 

figure  5  shows  th«>t  no  marked  benefit  was  obtained  from  the 
application  of  paper  beneath  and  above  a  loado    There  was  no  striking 
difference  in  average  cQBanodity  temr>eratures  in  the  car  with  paper  and  the 
one  without  paDoro     The  maximum  temperatures  (figure  6)   show  that  while  the 
fans  were  idle  in  the  Twin  Cities  anA  Chicane  areas  the  temneratures  were 
1-1/?*  and  2**fo  higher  at  the  warmest  places  in  the  car  without  papero 
Soon  after  the  care  started  moving  tnmperatures  were  brought  to  the  same 
levelo 
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It  is  easy  to  r»eo^iM(  the  rtaeoa  for  th«  very  email 
b«i«fit  of  papering  a  lONkd  of  cartons  'booaaso  thaaa  paokagaa  fit 
«o  tightly  together  that  the  load  lt8«lf  is  like  an  S~foot  wall  of 
aaaonry  to  far  as  air  ooveflMnt  through  the  load  in  eonceroMU  She 
prineipal  po«aible  nertt  of  o&e  pi/  0f  jAper  (stopping  oonreetioB 
curre&tB  throii^  the  load)  ift  flvt  at  aaU(fi;fato    9^  added  lasulating 
▼alue  of  one  ply  of  paper  to  the  eeTeral  oourses  of  paper  and  fibre-> 
InMurd  in  the  pa^agejj  iteelf  ie  of  negligihle  importaaoe.  Adequately 
to  paper  the  top  of  a  load  so  that  the  p^i^er  at  aye  in  pl»ee,t  as  it 
did  in  this  test  requires  ooneiderable  time  and  patiehee,  eo  that 
its  bsnefit  would  hare  to  he  deeidediy  greater  than  this  test  showed 
to  reeeomeBd  its  usso 

Qeaeral  iHeeusslon 

^e  oTerhead  briJM  refrigerator  cars  with  iasulatloa 

provided  the  best  transit  .teaperattxres*  their  inaxliatuB  eosnoodity  tempera- 
tores  as  shown  in  figure  6  being  appToxiaately  10^  to  13*  !*<>  below 
those  in  the  en^bunksr  oars  with  6*  iasulationc 

Ihe  *K)'  fAa  cars  with  3''~3-'l/2*  iasolatiof  parwided  ten^emtares 
latsoTiBedlate  hetwestt  these  two  extreaes,  ooaaodity  tei^ratures  heing 
appx^xittately  5*  to  10*  y«  below  thoiie  la  the  heavily  iasvlated  ead- 
btrnker  oars  and  fron  3*  to  7*  abeva  thoae  in  the  hearily  insulated 
overhead  brine  tank  cars»    Botvithstaadiag  the  fact  that  the  teopera- 
tures  of  th«  frossn  peas  whea  loaded  in  fan  oars  were  6^  to  XO*  higher 
than  those  leaded  in  similar  caz^s  in  thi  19^5  test,  the  transit  tempera- 
tures were  not  greatly  different*  being  in  the  10*  to  20*  soae  except 
when  the  19^  cars  were  atandiog  ia  the  ii^icago  area  during  high  outside 
teoperatures.    ^e  averaga  tei^peratures  at  tioe  of  loading  were  17<>3* 
and  17of5«  for  the  fan  oars  as  agalnet  1*  to  9°7*  In  the  loads  in  the 
he«rily  Insulated  oar  St  this  bei|ig  a  oircuastanee  which  oould  aot  be 
foraeesu    It  if  sog^ting  too  meh  for  equlpauoit  of  this  charactto'  to 
lower  the  teasers ture  of  the  coimodity  daring  transit*  aad  shippers 
could  do  a  great  deal  to  provide  better  transit  teaperatures  by  having 
the  oDnmodlty  colder  whea  ahippedo 

A  point  of  interest  la  ooaaeetion  with  the  fan  cars  is  fonnd 
in  the  oar  loading  data  of  table  2»  x^ch  show  that  the  top  of  the 
leads  was  3  i  aches  above  the  lower  edge  of  the  uj^er  bulkhead  openiago 
It  ie  often  contended  that  the  mininnm  load  (U6»000  pounds)  of  a 
eoBunodity  like  fro  sea  peas  caaaet  be  shipped  in  a  UO'-foot  oar  if  the 
Ipad  height  is  kept  below  the  top  bunker  opsningSo    ^he  shipping 
wsight  of  the  loads  ia  each  of  these  cars  was  3it^2  poundso    It  was 
found  at  destiaatioa  that  the  loads  had  settled  so  that  they  were 
either  flush  with*  or  aot  more  thaa  2  inches  above  the  ed^  of  the 
upper  bulkhead  openiBgo 


Th«  daliTcry  air  tMipsratorss  In  a  ll|rhtly  insulatsd  fan  ear 
(WFl  665SO)  Arm  shown  in  figure  60    These  terapcratares  flactuated  oyer 
a  range  of  s^prezlmately  10^  to  l^^'c  between  the  tiaes  «^en  the  fans 
were  running  and  when  they  were  idloo    71aotaating  teoperatores  were 
often  considered  to  he  adveree  to  holding  the  beet  quality  in  frozen 
fruits  and  ▼ogotables  and  in  some  quarters  fan  cars  are  not  farorod 
booauee  of  fluctuating  air  teaporatarosc    A  study  of  the  data  frwa  this 
test  shows  that  widely  fluctuating  delivery  air  temperatures  resulted 
in  relatively  slight  fluctuations  of  comaodity  teaperataresp  except 
whon  the  cars  wore  standing  a  groat  deal  as  in  the  Twin  Cities  and  Chicago 
aroaso    Those  exceptions  point  to  the  necessity  of  having  heavier  insulation 
to  give  the  loads  bettor  protection  during  extended  standing  periodso 

Al^^eads  arrived  without  defrosting  and  in  good  condition  except  a 
fow/fn  the 'overhead  bunker  carSo     In  TOBX  777o    7^  cartons  wore  found 
stained  by  moi stare  at  tiao  of  unloadingS  in  FOB!  JJS^    22  cartons  wore 
found  slightly  wot  at  time  of  unloading  duo  to  brine  froa  the  overhead 
tankso 

As  in  provisos  tests  a  groat  variation  was  observed  in  the  protection 
given  frozen  fruits  and  vegetable s  by  the  shippers  during  loadingo  By 
comparing  the  average  comaiodity  tenporaturos  at  tiao  of  loading  as  given 
in  table  2  with  the  average  top  layer  coranodlty  teoperatures  after  loading, 
as  given  in  tables  U  to  9^  and  in  figaros  3  to  6^  It  is  soon  that  undor 
the  best  conditions  there  was  a  marked  increase  in  toinporatures  during 
the  loading  periods    When  car  doors  stood  open  to  the  outside  ataosphero 
the  air  in  the  tops  of  the  cars  rose  Uo**  to  nearly  60'^T„     SoToral  hours 
exposure  to  these  toaperatoros  waras  up  the  entire  %mp  layero 

Suaaary 

Placing  2o000  Ibso  of  dry  ice  in  cartons  in  the  top  layer  of  frozen 
vegetables  loaded  in  an  end-bunker  refrigerator  car  had  an  undesirable 
effect  on  transit  toaperatures,  apparently  interfering  with  normal 
ref rigerat iouo 

Placing  2,000  Ibso  of  dry  ice  in  the  top  layer  of  a  load  of  frozen 
fruit  in  an  overhead  brine  tank  car  resulted  in  transit  taaporatares 
approximately  k'*fo  lower  than  in  a  comparable  car  without  dry  icoo 
Since  corainodity  temperatures  in  this  typo  of  car  were  satisfactory 
without  dry  ice^  being  maintained  below  lU®,  —  mostly  below  10**,  the 
benefit  from  the  use  of  dry  ice  in  such  cars  is  questionabloo 

Placing  paper  above  and  beneath  the  load  of  frozen  peas  in  a 

lightly  insulated  fan  car  did  not  result  in  benefits  that  justified 

its  USOo 


In  lightly  lasulat«d  fao  caM  fluctuating  flellvery  air 
teatperatar«  due  to  the  fans  being  etoppad  resulted  In  relatively 
SBtall  fluctuation*  in  oomraodity  t emperattzres  except  when  fans  were 
idle  orer  periods  of  sereral  hours,  ae  at  railroad  transfer  polnteo 

So  cooking  tests  or  other  attempt*  to  evaluate  quality  were 
made  on  the  frozen  food  from  a»y  of  tiie  careo    In  view  of  the  dif- 
ference of  opinion  as  to  the  effect  of  different  transit  teo^era^ 
tures  and  especially  fluctuating  transit  ten^eratures  on  the  quality 
of  frozen  foods,  such  tests  a^ypear  to  be  called  for,  but  should  be 
sokde  uadsr  carefully  controlled  laboratory  oondltiou  at  tine  of 
arrival  as  well  as  after  a  subsequent  period  of  storai^o 

»Ma  oars  of  Uo*  length  and  3''-3-l/2*  insulation  were  loaded 
sli^tly  (V  to  5")  above  the  lover  edge  of  the  top  opening  of  the 
ice  bunker  bulkheads  to  accontmodate  «ainlmua  carloaul  weights.  Pro- 
tection in  such  care  during  transit  was  better  than  that  provided 
by  50'  end-bunker  care  without  fans  out  having  6"  insulation  and  not 
loaded  so  high.. 

Adcnowl  edgeiasnt  s 

<Jrateful  acknowledgement  1*  made  to  the  individual  shijjpers 
who  fuminhed  the  necessary  shipmenti,  to  the  Western  iVnit  ]bcpX>ess 
Co=  and  Iruit  (Jrowers '  jSspress  Ooo  who  furnished  the  test  cars  ajai 
representfVtives  to  help  organize  and  accompany  the  test,  to  the 
^eat  Horthem  Bailroad,  Chicago,  Burlington  and  (^incy  Hailroad 
and  the  Pennsylvania  Bailroad  and  their  representatives  and  to  the 
following^  staff  asaociates  whose  helpful  cooperation  made  the  test 
possibles    A,  Lo  Bysll.       B,  Bamsey,  So  7,  Miller  and  Jo  I^ufaafto 


Table  1    Oar  CXnfvrtACisrie  .iow 


I 

I 

^7>  i 

Vo;;i  777 
rc&y  773 

^  1 

i  } 

Width  inside  Vjw-..0en  raoicsi 

j 

t  ?1 

j  Eei^t  a'oove  floor  racks 

1 

Loading  «pax>6)  oa,  ft.  ; 

! 

11:^*^5  L-^ 

>1^7-5  i/  j 

i 

29'79 

1 

Ice  'iTocicerfl,  ijce  I 

eke  '0 

Ic6  capacitis  1:;8. 

,200  ^ 

Air  cirOTlattaig  fane 

2)Bt;«  Irailt 

SidiE^g 

.'.';'v;ood 

\       ■:  -.od 

1'    o  d 

Br>of 

•  fce«l 

Ir^STulatlo^  V  floor 

Iiiruiationi  walla 

4/ 

;  Ia«ul-\-iori,  roof 

-  ..f 

fop  DuliiuBftd  opening 

!  ^ 

• 

Bo'J^oi^l  IrcHdieRd  op«jaing 

i  ^' 
i 

!  ~ 

j  , 

yioor  racks  hei^,iht 

1  7-1/2' 

\  t-ii/i'" 

?      Cros3  venta: 

) 

i 

I 

1 

I 

Cutsida  atririgers 

*io,)t..d 

j 

Doorwaj-  airi^^era 

■  oiiilopad- 

1  fall  proiieoUon 

i     .  ^ 

1  ... 

1      '      .     ;^  rl-.fl 

I,''    Y:"  above  fl.-^or  l-5cla8. 

■    S^.i  -per  lined  in-'lv'^  of  door«  ^'ith  ,  ,    ,  n 

5/     .«11  ra-ys  conaif:td<?        '/ertiosl  ncri?t:  ^Z^"  thick  acceiaat  tuo  ..'all  and 
rl  -ins-  horlzoutal  atrice  5/4"  trick  next  to  ledir.r* 


''■per 


O  ► 

ts  O 

w  n  o 
!»  •  M 


H-  o  go 

9 

M 
o 

O 

o 


CI- 

hi  M 

O  -,1 

♦1  ^ 

> — J 

•  g 


OH 


Pi 


o 

<:♦■ 
fi 
t-i 
at 


04 
M 

o 
o 


o 


M  fS  M  M  .-V  v-»  d  M  »  fa  9J  1)0  ^ 
d  •    f '  H"        rt  c-t-   '1  <♦ 


o       a  o 

Cb  CO 


OB     M)  0 


<-••  M  rf  c+ 
1— 1  M  I— '  I— '  K-i  (-J 

a  pi  m      A  (0 


MMMh-'M^-'l-'l-'t-' 

Oa  -4  rrwjt  ^v^.j        O  O  U5  05   O  04  -«J  ->l  --i  CT\ 


>>_n--jvov>iMt-»-p'MruMVj4roM-,jv_»4»-»v^ 


vjn  »jri o  oi 


P  «oJ  M  O  O 

O  O  vjl  O  O 


d       P   J   .1  J 


>^-.J    O    »J    O  VjJ  O 

O  O  O  O  O  D 


3  a  ^  a 


o  o  o  o  o  o  ^  5  o 
o  o  o  o  o  o  o  o  c  o 


O  r  J  vji  VJ1  ui 


Ult-'O^vjooiMSH'+r^rTN 

O        O  O  O  O  O  O  O  O  C)  O 


c3  o  O  o  o  o  o  o  o  o 

O  O  O  O  O  O  D  O  O  C 


oooooooooo 


ru  ro  »-•  ro      M  (-• 

8 0QQ0O00Q 
oooooooo 


I  OTA  crvv^  T^  crwjy  ru  ro 

kjj         lT^         OA  M  -J 

ooooooooo 


ii-'  'J,  -.^  ro  w  >-*  "v. 

OOOOOOOvQC 


o  o 


o 


M  O 

6  p 


o  o  o 


ru  o 
P  o 


J?        Q> ^  ^  ^ 

ODOOOOCDOO  Ovn 


o 

o 

o 

o 


CO 

3>   «  M 


-J 


JO 

p. 


O 


■J  :o      "o  ro 

8S38888    8  ^ 


OA 
U1 


.\j  ->i  ea\j,  cn  j>  <y\ 

J-J  tr-\c  o  r> 

o  o  o  o  o  o  o 


o 


D 
--4 


o 


f\)  i\)  t-'  PO  ro  ^ 

-»l  vX>  VJl  cr  M 

P  D  P  P  O  P 

P  P  P  P  P  O 


o  Q  ^Kji  r\>  i=- 

PPOPPPPPO 


ro 


p 
p 


M 

ro 


P 
D 
P 


P 
P 


Cart 


-  200Cr  Dry  loa) 


Cart      :0,3X  777  C5t;"  Cv«;  rho;id, 


:>-l/2"  Int. u  1,5 1 ion. 


?.00r4  Dry  Ice) 


lo 

I" 

toll  on 


?i8h 


.  . .  aw 
liUifltOfi. 
tlnot 

Iri  Poicfoi-Q-15 


bkrldre 
flllmrr 


c'-9  5 
6-lC  1 
8-10  10 
7 

6-11 

5-  11  10 

.V12  6 

6-  1.^ 
8-15.  11 
■?-l5Cn2 


7 

5-14  5 
S-lH  1? 
f?-lU  11 


g-15 


LaCroeee 

on^8  '-''s.  jS-l 
iue  Isle  ?-l 


?0A 
•0^ 
5OP 
'f!!jA 
CGP 

lo? 

20P 

10? 

3or 

K5P 

10 


Out- 
Air 


32 
98 
70 
58 
91 
60 
6S 

71 
70 

72 

77 

67 
66 
??l 
6q 
81 


A  !t  a 

lot 


I 

S8 

CI 

f 

CI 


5 
01 


G  d  M 


l(  0  9  I  ?T 

3 


29  17 
6 

44  — 

4^  — 

4  — 

5  — 

5  — 


1^  1^1 
10 


10 
9 

8 
3 

8  5 
S?(  6 


7^ 
5 


6: 
9 

9 


6 

64 


6' 
5-t 


12|  U?^ 

8^ 

Zl  - 
1 

C  ? 

c 

-2  2 
-2 
-2 

-li  A. 

-2  i^^- 


1<5 
7 


S3 


01 


3i 

3. 


\  5 

9"  ^ 
10  — 
IC  — 
10  — 

10  — 

11  — 

12  ~ 

12. ^-  ~- 
l?i  ^, 

13.  — 

13  — 
i2l 

12  — 
10  — 


S  i  S 

fit  I  2 
01|  CI 

f  % 
it  5^ 

5  f 
2-v  1 

I3r  1 

2i 
2 

5 

3 
3 
3 
3 

3 

2. 


therraonjeter  •■)oaitiO'-\R  such  ns  "TBCl" 
indicate  "ton,  end,  c-^nterline"  instead 
of  "top  ■bim"':er,  oent6rlir'e''6 


88 


0 

5 
5 

"c 

6 
7 

8 

S 

g 

s 

Q 
Q 

9 


■in,. 


10 

10 

10  I 

ic  I- 
10  I- 

10  i. 

11  !. 

12  !• 
i2i-f' 

134 

11  I- 

l^^l- 

12  j. 
1?  • 


t 

a: 
1 
0 
0 

•2 
.11 

■2 

..^ 
•2". 

■4 

.2A 


1  ■ 


4I 

4r 

7^ 

g 

8 
8 


5^^ 
4^ 
4? 
4^ 
k 
k 
h 

3^ 


Itatloa  1 2isv7 


Sour 


Oar:   J^'OBX  778  (50*  Cvcrhosic,  6-1/2"  Iriflulatlori,  Jfo  Cry  Ico) 

?     9  !  B 


:l9 

•p  rd 
ird 


e-8 

^3-9 
S-9 

e-ic 
8-10 
e-11 


■'r<y 

Ihlt^fish 
lalt  on 
krre 

HMgOV 

lilUgton 

,not 

iw  Rckfd 
lckri<;,«;e 
(inmpr 
Inl? 

ILaCrosee  8-15 

lonssj^K  |r-l 
Ilue  Isle  1^-16 


7t50P 

5»00A 
5  too? 
lt45P 

7:50A 
•S-ll  i-T^f^CP 
3-11  101 30P 
8-12  8:'»tA 
8-12  ^JtOOf 
8-12  lltAoP 

ewijcnpti!!? 

^15  7S2CP 

12:10P 

llMOi- 

6. ''15'^ 


f-14 

g-lit 

g-i;; 


)ol  ton 
lolwbus 
hr-.ute 
juntgdon 
kola 


S-lf 


2 :  OOA 
9 :  iOA 


if^-17ST  5?  OOA 

;??-i7  r:oop 

1 8-18  3J30A 

(?-is  10 :  oai 


Out- 
Air 


66 

5^ 
82 
?8 
70 
58 
91 
60 
58 
84 
71 
70 
72 
64 
77 
67 
66 
«1 
69 
SI 
'95 
77 
81 
6f 
70 

7g 


1 

88 


T 
B 

CI 


f 
01 


01 


14 

10  8 

1^?^  7  c 


l^i  16 
12  12^ 
III  12 

10  lO^r 


ao 

9 

8 
8 


10 
9 
9 
9 

9 


7i—     S^J   9  k 
6  . 
- 

6j  . 

5  • 

6  . 

7  - 
7  - 

a  ■ 

n- 

^: 
7  " 
7  ■ 

n ' 
H  ■ 


7 

7' 

7-^ 


9 

9 
9 

9. 

9' 
9 


9  21  19 
6^  10  14 
6  10^  15 
-  5  12 
8i  12 
Ti:  11^ 
6  71  11 
5?-  7i  12 
5f  7  lit 
7  11 

V'  12 
84  15 

si    8  12^^ 
5I   S  11 

5-1  «  12^ 

5-  li  I?--} 

5"  77  12 

5;  7t  1"  — 


g^  11 
7-^  l?^^ 

^  12-?. 
g  .14 


As  tnif  Cur  h-:d  over>ie;ifi  :)rine  tanks 
th'«rmo?ne  ter   -osi  clone  3uch  i  n  ^"1301" 
in  lic-it^»  "to      en4,  cienter''. i.ia''  in'tep.d 
of  "to"'  biin'Ter,  cntorline" 


Car:      af-X  66c&0    (4^*  Fan  c  jr, 


Bb^  I  Scrar 


3-9  I2«15i' 

ioj  OCX' 

6-iO  iCt-'if)? 

.-^-11  lOiJOF 
5-12  f'.tASA 
ft-1?  A^sCCi' 
e-12  lli45P 
.'^-l?CJTl2»lf>P 
S-15  7!2CP 


Sop 


hit',  fish 
Bvro 

k.!,'-077 

Inot 

p:t  Rokfd 
cicric  -e 
illm.T 

ton*  Bli4f-15 
I^-ro9«e  i8-15 
oags  (5?-l6 
lufl  Isle  ;J?-lf 
olton  |g-l6 
dunb-is  jg-173T  5 
Br.Mt^  !3-17  2 
iint^don  is-18  3 


f'.-llf 
8-lU 


30- 

OOA 
lOA 

3  OA 

;s-i6  10!  OOA 
*«>«y-  Qy-  ;g-ig    3 : 30P 


l.^:iOP 

11 

6 
1 

2 
9 
3 


DOlf? 


7A 

52 
S>8 
70 
5c 
91 

71 

70 
72 

61I 

77 

67 
86 
81 

59 
81 

95 
77 
81 

66 
70 
7S 


3ot 


5 

!  $8 


27 
20 
20 
6 

m 
11?- 

15 
1< 
15 

20 

22 

25-:' 

2? 
18 
18 
23 
19 


1  2< 
10'^  2li 

7-  15 

7  14 

loi  I2i- 

7  15 

3?^  1? 

6^  9 

5v  11 

e  111 


nl  lot 

10  11 

s  15 

6  16 

1  20 

11  12- 

8^  11 

6'  17-^: 

8|  X6v 

104  1"? 

11?  13 

5'  17 

10  18^: 


f 

B 
01 


01 


0 
01 


0 
38 


SCI 


C  ^  I  ^  T 

S  BIB 


01 


ci!  diss  i 


i?-  25  22 

19  I7i^  19 

14i  15f  1^? 

15  151  I6r 

9  12^  12 

12|;  Iki  16 

lit  15  l-o-h 

9  13  15 

9f  1: 15 

10  15  l».-> 

10  15?  15i 

10  15  I5f- 
10^  15  I3i 

12  13^  15f 

13  i5i  17 

15^  i-T  18 

12V  15  15^ 

11  lU  1U\ 
lU  15  17" 

191-  18|  21 

15  iH  Hi 
13  16  16- 

13,   15ir  17' 

lUri  17  18 
12i  15^  16 


I?:''  10 
20  1^ 

17^  8i 

9i  loj 
10-V  10 
15  12 


15 
12 

131 


9 

91 


U  10 

m  10 

I'if  10 

15;:  n 

1T{  13 , 
19^  lO^i 
20'  10-' 

17  9? 
16  11 

10 

2ij  11 
19;  loi 
17i  11 

18  — 

19  12^ 
18  13i 


13.^ 

u 

10 

11 
11 

12 

I2l 

12 
15 

13 
13 

12' 
12 
13 

12 
12 
11 

Ik 
Ik 
Ik 

Ik^^ 


iH  10 


11  IH 

I2h  Vil: 
1^ 
1^»    If  A 
iij^  If' 


U 
15 


16 
16 


1^^'  X5^, 

1.' 

15^  16^ 

16  17^ 

16|  17*" 

16^  18 

16^  18 

lo^,  18 

17"  18-^- 

17;.  19, 

18  19- 

17^,  I'W, 

18'  19t 

IS  19- 


2h 
Ih 
15 
I5i 

16 

16 
16 
16 
1P> 

17 

17 


26  10 
21?-  11 

15^ 
U 

ir 

16 


9\ 
9 
11 
9 
9 


9y 


13  \10 
1^^  lie 


17  'IG 

17  \ioi 

17f|l2 

IS" 119^  iiov 


IH 
12 

12|- 
I2i 
1?* 

isi 
1U4 

i6i 

18 

lU-J. 

16 , 
21 
17 
15 
15i 
17 

20    20  !13;f|l6 


18 

18' 

18-\ 

18' 

19 

19 

19^ 

19 


20  ilO- 
18"  ill' 
IS-  111 

19  jlO 
2k  111 
19^-  10^ 
19'^  'll' 

,-  il9^!l3, 
20    I20  '12^ 


aii|i5| 
ISi  jii^ 

lit' 
Ih 
Ih 


iki 

15 

IV^ 

I3i 
14^ 

Iki 

15 
15 
15 

I5A 

15^ 
16 

16' 

17-4 

17" 
17 


!bl>l«9.  S«6ord  of  t«opaz%ture«*  iwi^astt 


Hour 


'Oat- 
Bide 


5 » 

1'  - 

'■'-10 

rd 

G-IC 

111 

hi'-eflBb 

ICJ'iOP 

5- J  2 

L' !  OOP 

I  cn 

-15 

? :  20P 

tkrl:'re 

5-U 

lllnrr 

12sl0.~' 

pis 

11 :  ^0.; 

tor-'BluffS-l^  5 

LaCrone  S-15  1 

jnge  Pk    g-lb  2 

he  Isle  f"!':.  9 

Dlton      !?-l6  3 

bt^don  i8-lg 


or' ft 
OOP 
70A 


70 

30 
?1 
60 
66 

71 
70 
72 

77 
67 
66 
SI 

■b^ 
81 
95 
77 

SI 

6 


Sop  3bt 


T 

5 

I 

T 

B 

B 

S3 

01 

01 

01 

0  (» u  11 0  1 1  ix 

T     3     3     B  I  B 

B  B 
88    8S    01  CX 


j  9 
.  I  01 


T 


5 


15 

15 


17 
■< 

19 


21-^ 
19 
IS 
21 

;>6 

2?. 

?0 


25| 

21t  117 

i7|  ii4 

..  i6j:i5| 


10?^ 
7 

5 


9 

9k 
10 


|1P^, 
1 12'. 
ill' 

iiu 


1^  jlJ>l 

15 
14 
15 
12| 
111 

15t 
17 

in 
16 
15 


11^  !lb 


t 

ill 

;i3 

!12 


17? 

17 

17 


12i 

12« 

12 
12?> 
l?t 

i3i 

13| 

IV; 

13 
13- 

% 

15' 


Gonnodity  tt>in])i  Tft tares  -  decrees  F. 


0* 


Hi]lyprc 
Vtliitpfish 


WiUiston 


Willrnar 


uol  F.lana 


J^r^e/  City  !  "  * 


Co 's.frfjd.l  ty  t ^a-w  r a  tui- < ' s 


■1  i 


o 

<  c-r 

C!  '3- 

1?  f'' 

■ij  ■• 

■'-  n» 
ft 

•i) 


